Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. U.S. troops deployed to the Middle East are often exposed to dust storms with particulate matter levels above the military exposure guideline which can result in an increased incidence of pulmonary diseases. The present study evaluated the effects of the soluble components of Afghanistan sand on rat dopaminergic neuronal cells. Sterilized sand samples were extracted overnight in serum free media and exposed at various concentrations (0-500 mg/ml) to the neuronal cells. Following 24 hr cytotoxicity was assessed estimating cellular release of LDH and MTT. Sand extract exposed cells showed increased LDH release dose-dependently with significant increase at higher concentrations, and decreased MTT metabolism. In addition, extract exposure resulted in significant reduction in antioxidant capacity with an elevation of reactive oxygen species. However, N-acetyl cysteine pretreated cells showed decreased ROS and cytotoxicity. This indicated that Afghanistan sand extracts produced cytotoxicity through an oxidative stress mechanism. Moreover, the toxicity was associated with mitochondrial dysfunction followed by release of cytochrome C and increased caspase-3 activity. All these activated apoptotic components were significantly reduced in the presence of cyclosporine A, NAC or z-VAD. Taken 
Disclaimer:
This work was supported by Defense Health Programs (DHP) reimbursable Work Unit # 60769. dose-dependently with statistically significant increase at higher concentrations (400 and 500 mg/ml), and decreased MTT metabolism. In addition, sand extract exposure resulted in significant reduction in total antioxidant capacity (TAC) with an elevation of reactive oxygen species (ROS). However, N-acetyl cysteine (NAC) pretreated cells showed decreased sand extract-induced ROS and cytotoxicity. This indicated that Afghanistan sand extracts produced cytotoxicity through an oxidative stress mediated mode of action. Moreover, the toxicity was associated with mitochondrial dysfunction (reduced membrane potential) followed by release of cytochrome c and increased caspase-3 activity. All these apoptotic components activated by sand extracts were significantly reduced in the presence of cyclosporine A, NAC or z-VAD (caspase-3 (Nouh, 1989 ). An acute desert-related lung disease described as Desert Storm Pneumonitis was found to occur following inhalation of pigeon droppings and fine Saudi dust (Korenyi-Both et al., 1992; . Sporadic cases of severe acute eosinophilic pneumonitis with unknown etiology have also been reported among several U.S. military personnel deployed to Southwest Asia (Shorr, 2004) . Asian sand dust exposure is associated with increased daily mortality in Seoul, Korea, and Taipei, Taiwan (Kwon et al., 2002 ) and cardiovascular and respiratory dysfunction in Taipei (Bell et al., 2008) .
Although the historical focus of PM toxicity has been cardiopulmonary targets, it is now appreciated that inhaled nano-size (<100 nm) PM particles quickly exit the lungs and enter the circulation where they can be distributed to various organ systems (i.e., liver, kidneys, testes and 
Materials and Methods
The MES 23. (insulin 5 mg/ml, transferrin 5 mg/ml, pyruvic acid 48.6 mg/ml, putrescine 4 mg/ml, sodium selenite 5 ng/ml, progesterone 6.3 ng/ml) at 37 o C in an atmosphere of 5% CO 2 and 95% air.
Throughout this study cells were used for experiments 48 hr after plating. Afghanistan sand sample (raw material) used in these studies was provided by Capt M.B. Lyles at The Navy
Bureau of Medicine and Surgery (BUMED).

Sand Extract Preparation
The high levels of sand dust generated from blowing desert sand have different sized dust particles (predominantly small particles of less than 10 µM capable of reaching deep lungs) with soluble metal contents that may possibly cause health problems (desert lung syndrome, desert storm pneumonitis, acute eosinophilic pneumonia, etc.). The trace elemental analysis of sand dust extracts through inductively coupled plasma mass spectrometer (ICP-MS) showed the presence of several metals at low level compared to raw sand materials (Table 1) sand samples collected from Afghanistan (Khost) were autoclaved (to eliminate bacterial contamination during cell culture) upon receipt and were extracted. 50% w/v sand extracts were prepared, 10 g of sand + 20 ml of medium without FBS. The day before exposure samples were kept on an orbital shaker overnight at room temperature. Extracts were filtered through a 0.2 μm filter and stored at 4°C until cells were exposed. Neuronal cells were exposed to extracts with varying concentrations equivalent to 100-500 mg/ml of sand for 24 hr and cytotoxicity was assessed by lactate dehydrogenase (LDH) and MTT assay. For all other assays (total antioxidant capacity, reactive oxygen species generation, mitochondrial membrane potential, caspase-3 activity and cytochrome c release), neuronal cells were exposed to 500 mg/ml sand extracts only.
For control cells, DMEM medium was used.
Assessment of Cytotoxicity
Lactate dehydrogenase assay:
The lactate dehydrogenase assay is used to evaluate cell-membrane integrity because the release of this large (9-160 KD) enzyme from the cytoplasmic compartment to the supernatant of cells is indicative of membrane damage. Based on the reduction of nicotinamide adenine dinucleotide (NAD) by the action of LDH to form a tetrazolium dye, the amount of LDH was measured spectrophotometrically at 492 nm as per the method of Vassault (1983) . The background absorbance measured at 660 nm was subtracted from the reading at 492 nm. Cells grown in a 12-well plate at a density of 1 × 10 6 cells/well in HBSS were exposed to a range of sand extract concentrations (100, 200, 300, 400 and 500 mg/ml) for 24 hr and determined LDH release into the medium.
MTT assay:
The MTT assay is based on a colorimetric system, in which tetrazolium rings of the pale yellow 
Total Antioxidant Capacity Assay
The total antioxidant capacity (TAC), accounting for total hydrophilic scavengers, was assayed in cytosolic fractions of cell lysates by a spectrophotometric method according to manufacturer's protocol (BioVision). Briefly, TAC was quantitated after exposure to sand extracts (500 mg/ml) in the presence and absence of NAC (500 µM) for 24 hr. At the end of exposure cells were washed three times with PBS, scraped off from the inserts and transferred to Eppendorf tubes.
After centrifugation (Eppendorf Mini spin Plus, 850 x g (rcf) 10 min, 6°C), the supernatant was removed, 100 µl cold buffer was added and the cell solution was stored on ice. Afterwards, the samples were vortexed and sonicated for 2 min on ice. The samples were then centrifuged for a second time at 25,000 x g (rcf) at 6°C for 15 min and supernatant was used for the assay. As 
Caspase-3 protease activity
The cleavage of the substrate Ac-DEVD-pNA was used to determine caspase-3 protease activity according to the manufacture's protocol (BioVision Inc., Mountain View, CA). Following sand extract exposure (500 mg/ml) in the presence and absence of CsA (10 µM) or z-VAD (100 µM) for 12 hr, cells were harvested in PBS and centrifuged at 500 × g for 5 min. The cell pellet was further lysed on ice with lysis buffer for 10 min and then centrifuged at 30,000 x g (rcf) for 1 min at 4°C. The supernatant was harvested and 80 μg total proteins incubated with buffer containing 10 mM dithiothreitol and 5 μl of Ac-DEVD-pNA (final concentration 200 μM) at 37°C. The chromophore P-nitroanilide was determined at 405 nm with a micro titer plate reader.
Cytochrome c release assay
Quantitation of cytosolic cytochrome c was determined using a cytochrome c ELISA kit (R&D Systems, Minneapolis, MN) as described previously (Kaul et al., 2003) . Briefly, MES cells (5 x10 6 cells) grown in culture wells in serum-free media were exposed to 500 mg/ml of sand extract for 3 hr in the presence and absence of CsA at 37°C. After exposure, cells were collected, washed once with ice-cold phosphate-buffered saline (PBS; pH 7.4), and resuspended in 1 ml of ice-cold homogenization buffer (10 mM Tris-HCl pH 7.5, 0.3M sucrose, 1 mM phenylmethylsulfonyl fluoride, 25 mg/ml aprotinin, 10 mg/ml leupeptin). Following homogenization, cells were centrifuged at 15,000 x g (rcf) for 60 min at 4°C. Resulting supernatants were collected as cytoplasmic fraction and used to measure cytochrome c release as per the protocol provided by the manufacturer. Optical density of each well was then measured at 450 nm using a micro plate reader (VERSA MAX).
Statistics
Data were expressed as mean + standard error of the mean (S.E.M). One-way analysis of variance (ANOVA) followed by Tukey-Kramer procedure for multiple comparisons were used to determine statistical differences between treatments. Differences were considered significant at p< 0.05.
Results
In this pilot study, dopaminergic MES 23.5 cells were used in order to study potential mode(s) of sand-induced toxicity. Cytotoxicity was evaluated following 24 hr of sand exposure by estimating LDH and MTT assays. Cell viability decreased with increased concentration of sand extracts as observed through increased LDH leakage and reduced mitochondrial function (MTT assay) (Fig 1 A & B) . Thus, exposure to sand extracts for 24 hr resulted in significant cell damage/cell death in a dose-dependent manner above 300 mg/ml. Hence, neuronal cells used for all other assays were exposed to the highest dose (500 mg/ml) that caused 50% of the cell death.
It is well known that oxidative stress generated by the cellular response to external stimuli can be due to either increased free radical production and/or the weakening of the cell antioxidant defenses, including antioxidant enzymes, lipophilic and hydrophilic scavengers. We measured the levels of non-enzymatic hydrophilic total antioxidant capacity and generation of intracellular ROS in cells exposed to sand extracts. ROS was determined by loading cells with DCFH-DA, with the resulting increased fluorescence reflected by direct oxidation of DCFH. Exposure to sand extract significantly reduced the total antioxidant capacity (TAC) (Fig 2A) while increasing the accumulation of ROS (Fig 2B) . Pretreatment of cells with NAC (GSH precursor) restored TAC of cells and reduced ROS levels, further confirming the stimulation of intracellular ROS generation (Fig 2A & B) following exposure to sand extracts.
Since mitochondria have been reported to be a primary target of oxidative free radicals (Weitsman et al., 2003) , in the present study, sand extracts effect on mitochondrial function was determined. A 3hr treatment with sand extracts (equivalent to 500 mg of sand /ml) reduced the ΔΨ m (increased fluorescence) compared to control cells (Fig 3A) . This was further supported by mitotracker red uptake study which showed reduced mitochondrial live cells in sand exposed neuronal cells (Fig 3B) . Presence of CsA blocked the sand extract-induced reduction in ΔΨ m, , supporting the involvement of MPT in the mitochondrial dysfunction.
The loss of mitochondrial membrane potential and opening of MPT have been linked to the release of cytochrome c from mitochondria. To determine whether exposure to sand extracts can affect mitochondria and thereby release cytochrome c, the cytosolic fraction collected from exposed cells were used to determine the levels of cytochrome c by ELISA. As shown in Fig 4A, a 3 hr treatment with 500 mg/ml sand extracts released cytochrome c into the cytosol. However, blocking MPT with CsA preserved the association of cytochrome c with the mitochondria.
Further, to determine if the loss of cell viability was caspase-dependent, caspase activity was measured following sand extracts exposure. We observed increased caspase-3 activity following sand exposure in neuronal cells, while zVAD-fmk (a broad spectrum caspase inhibitor) or CsA pretreatment significantly reduced the activity (Fig 4B) . This suggests that an apoptotic mode of cell death is initiated in neuronal cells following exposure to the sand extracts. To conclusively demonstrate the involvement of oxidative stress in sand dust-induced mitochondrial mediated cell death, the effects of antioxidant (NAC) and the MPT blocker (CsA) on cell viability were examined. As shown in Fig 4C, both NAC and CsA pretreatments significantly reduced sand extract exposure-induced loss of viability. These results suggest that exposure to sand extracts rapidly increases cellular oxidative stress accompanied by loss of ΔΨ m and caspase-3 mediated cell death.
Detection of Soluble metal constituents
In the present study, the elemental analysis of Afghanistan sand dust extract through ICP-MS revealed a number of metals existence including barium, strontium, copper, arsenic, nickel, iron, potassium, manganese, and chromium (Table 1) . Additional heavy metals (aluminum, titanium, zinc, lead, cadmium, cerium, and lanthanum) were measured but the levels were at low detection limit.
Discussion
There In the present study, we observed that sand derived PM extracts significantly induced neuronal cell death by a mechanism involving the generation of free radicals and activation of the mitochondria-regulated death pathway. Among a variety of environmental pollutants or bioorganic materials adsorbed onto Afghanistan dust particles, we evaluated how soluble components of sand dust material contribute to cell damage. In this study the cytotoxic effects on the neuronal cells due to the sand extracts were observed with higher levels of sand extracts (>300 mg/ml). A role for the mitochondria-regulated death pathway is suggested through our finding that the sand extracts caused decreases in mitochondrial membrane potential which was accompanied by cytochrome c release and caspase-3 activation. We also observed that presence of an MPT pore blocker CsA and caspase inhibitor (z-VAD) inhibited mitochondrial membrane potential and apoptosis. To the best of our knowledge, there has been no report studying the effect of sand dust on neuronal cell death, particularly using in vitro models. This study is the Collectively, these findings suggest that metal-derived free radicals mediate PM-induced DNA damage and apoptosis of cultured respiratory epithelial cells.
Using a mechanistic approach in the present pilot study, we showed that Afghanistan sand extract contents produced toxicity in neuronal cells. While this is the first study to specifically Gilmour and associates (1998) demonstrated that toxic particulates rapidly cross the epithelium and induce interstitial inflammation by a mechanism involving ROS.
Conclusion:
In summary, our study indicates that in vitro exposure of rodent neuronal cells to the soluble extract of Afghanistan sand induces apoptosis via a mode of action involving the generation of free radicals and activation of the mitochondria-regulated death pathway. Further studies are needed to elucidate the mode of action of Afghanistan sand dust extract-induced apoptosis and the linkage between mitochondrial mediated cell death and metal contribution in toxicity. Hence, metal chelation and its effects on toxicity may warrant study. assay. * Statistically significant effects were found for the extract from 400 and 500 mg of sand/ml at p< 0.05. Data are the means + SEM of 4 experiments for each treatment group. 
